


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1939 


An investigation of forced flexural torsional 
oscillations of a wing and the phenomenon of flutter 


Jackson, Andrew McBurney; Parish, Elliot Walter 


California Institute of Technology 
http://ndl.handle.net/10945/6456 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
(8 DUDLEY research materials and institutional publications created by the NPS community. 
«ist Spe Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS'‘s first 


INN KNOX appointed — and published -- scholarly author. 

| LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 





4 IN 


7 
‘ 
Vy 
: 
= ' 
‘ 
es 
‘ 
' 
' 
’ 
' 
‘ 
‘ 
y 
: 
1 
7 
. 
% ; 
: 
1 
i nay 
$ 1 
} ,' 
| 








ACKNOWLiEDGUMENT 


The authors wish to express their ceep appreciation to 
those who have aided in this investigation. They are especially 
grateful to Ur, A. 8, Lombard, Jr., without whose assistance and 
continued cuidance this investigation would not have been carried 
out. Dr. Th. von Karman has kindly given advice and helpful sug- 
gestions throughout the work. 

The authors are also very prateful to the Douglas Aircraft 
Compamy and to its Chief Emrineer, Mr, A, E. Raymond for furnishing 
specifio data pertaining to various airolane wings. They wish 
further to express appreciation for the cooperation and interest 
displayed by the engineers of the research Vepartmont of the Douglas 


Aircraft Company. 








In this thesis the tortional-flemural resnonse of 2 two-dinen- 
sional airfoil to forced oscillatims of various frequencies and at 
various airspeeds is invostigated. The airfoil o).osen has character- 
istics which are typical of modern “wrican transnort wings, and the 
sveeds cover the range from sero airspeed up through tho sneede for 
torcional-flexural flutter and torsional divergences. 

In the latter part of this thesis, curves are plotted showing 
the effects whieh changes in the assumed wing paranoters havo on the 


torsionel-floxural flutter speed and the tersional diverrence speed, 





NTRODUCTION 


A study of the phonomenon of flutter of an airfoil in an airstrean 
leads at once to tite conclusion that it is very complicated in nature 
and consequently practically impossible, or at least very difficult, to 
visualize clearly. The equations of motion of an airfoil oscillating in 
an airstream have been dorived by a number of investigators; and the 
conditions at flutter, or at the limit of stability of the wing, have 
been investigated. In this thesis, the conditions which exist at 
velocities and freguoncies other than flutter are investigated in hoves 
that such an investiration will shed adcitional light on the naturo of 
flutter and how it develops, 

tho type of flutter selected for this investigation is the tor- 
sional-flexural type or one which involves the bending and twisting of 
the ving. Such a system is one of twe derrees of frecdon. The main 
cifference botween the oscillating wing and the usual type of oscillating 
system that we are accustomed to consider is that the wing in itself is 
not a conservative system, for under the nroper conditions it will absorb 
energy from the airstream, and it is this fact that makes flutter nos- 
sible. The flexing and twisting of the wing in the airstroam cause the 
aerodynamic forces and moments on the wine to cimnge. These changes in 
turn cause the wing to flex and twist. ‘4n genoral, the magnitude and 
phase relation of these changes are functions of tie velocity and fre-~ 
quency. The majority of tho time, the net effoct of these forces and 
moments is to damp the oscillation, but under cortain conditione their 


phase relations may bo such that they have a negative damning effeot 


and cause the oscillations to build up. This condition we call flutter. 
Most of the theoretical investigations of flutter have been two 

dimensional , that is, the variations of the paranectors along the wing 
spen have been neglected or at the bost averaged. lor this reason, and 
because the parameters involved are difficult to determine, it has been 
suggested that it may be possible to determine the flutter speed of an 
actual plane by plotting curves of the natural frequency of the wing in 
bending and torsion against airtpeed end then extrapolating these curves 
to intersection under the supposition that the speed at rhich the two 
natural frequencies coincide is the flutter speed, The nature of the 
curves must be known in order to porform this extrapoletion and will be 
investigated in this thesis, The naturel frequencies could be determined 
in flight by means of a forcing oscillator and pick-up or by means of a 
pick-up alone allowing the accidental "air bumps” to set the wing in vi- 


bration. 


NOTATION 
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* chord of wing 
» distance of the elastio axis behind the quarter chord point in 


fraction of chord. 


distence of the center of gravity or inertia axis behind the elas- 


tic axis expressed as a fraction of tho chord, 


elastic axis, i.e. the point at whioh an applied force will produce 
no rotation of the wing. 
= spring constant of the wing in bending of flexure (force/mit 


vertical displacement). 


T/$= torsional constant of the wing (torque/radian). 


(e 
vs 


Us 
= or the “elastio radius" ¢-angular deflection of the wing. 
= vertical displacement of any point j of the wing, positive up. 


= circular frequency of oscillation (radiens/sec). 


| ke 
e\mr natural frequency of the wing in bending neglecting the effect 


of the apparent mass of the air. 


mh, = mass of wing per unit span. 

m; = "apparent mass of air", 1.0. the mass of the circumscribed 
cylinder of air one unit in longth. 

vy = forward velocity or airsveecd. 


Vee v_ # reduced velocity. 
pe 


val 


= A-iB = a complex function of the reduced velocity which enters 
into the consideration of the effect of the wako 
on @ wing in steady state oscillations, 

( ),= static response, that is, the response at VY =O and v= 0. 

Ps = vertical oscillatory force applied at the point j, positive up. 

Wy = moment of the applied force about the point Jj, positive nosing up. 

A = mass density of air. 

Py = .25 chord point. 

P,, = .50 chord point. 

P, « .75 chord point. 

L = Lift force 


I = moment of inertia. 





BUATIONS FOR TORSIONAL 


ans 





The case to be considered is a two-dimensional one where the 
airfoil is assumed to have uniform characteristics along the span 


and to bo infinitely long. 





The aerodynamic forces and moments on an airfoil in steady stat 
oscillation are as follows: 

(1) The forces and moments which arise from tho fact that a cer- 
tain amount of air around the wing also must be accelerated when the 
ving is accolerated., Tho “avparent" mass of air involved when the wing 
is accelerated perpendicular to its chord is equal to My = 7Po" or 
the cireunscribed cylinder of air, The "apparent" moment of inertia 
of air wich is the anount involved in angular accelerations of the 


wing is equal to ty 3 noo* ; 
128 


(2) The chenges in the lift and monent due to vertical velocity, 
the angulcr velocity, and the angular rotation of the wing considering 
the notion as quasi-steady, that is, the motion is considered slow 
enoucsh to allow the circulation or lift to follow the changes. 


(3) The forces and manonts wiich arise from tho effect of the 





vorticee shed bly ao wing in steady state oscillation. This clastification 
ic thet suggested by Narmin and Sears in roferonce (a). 

Tho above considerations result in the following forces and 
moments on ean airfoil in steady state oscillations: 

At 25 per cent of the choré 


Le noo (@-2,) F 


Vv 


At 50 per cent of the chord 
2 ee 
Lene (Wp, ~ fe) 
"ns - 
At 75 per cent of the chord 
Les np eX v 9 
Homent couple 


He np of 5 
128 j 


where ( ) and () are the first and second time derivatives. These 
relations have heat derived by Lombard in reference (2), 

In addition to the aerodynamic forces, the following elastic 
end inertia forces will acts 

(1) The moments and forces arising from the deflection of the 
elastic axis and the rotation about the elastic axis. 

Fa «ky, and Ms -kneo%> 

(2) The forces and moments arising from the inertia and moment 
of inertia of the wing's mass. 

FP =ampyog and Mm =I 6 

Using tate forces and moments, Lombard in reference (2) has set 
up the equations of equilibrium for a two-dimensional wing in steady 
state oscillation. The derivation asewmes no structural damping and 
small oscilletions, the latter condition allowing second order and 
higher terms to be nevlected in certain instances, The equations ere 


as follows: 


(la) + = R [+ A2(1n) eee Py x | 
Mh } Ub ° 


+ Fe/ APG -€) + e+ e- oe 





7. 





= —< 
(1b) + H,25e = Tn| - p*E (E+ +1) 92| 
du 


* Go| =? { 4 -)-af} + $ex ~ 72 (-ae(es0)(g-€-0) ds} 


In the above equations the barred quantities are vectors rotating 
in the complex plane at an angular velocity Tho real parts of these 
vectors reprosent the actual quantity and their relative angular posi- 
tions determine their phase relations, This use of the complex plane is 
common practice in many fields of engineering, especially in electrical 
engineering, and it is particularly adapted to vibration problems, A 
thorough explanation of its use is given in “Mechanical Vibrations" by 
J, P, Den Hartog. 

To determine the limit of stability or flutter conditions the ap- 
plied foroes and moments are set equal to zero. 

The equations then have the form: 

0 =, Ay + $e Ayo 

0 = J, Aay + G0 Ags 

In order that there be a solution other than 0,0 the determinant 
of the coefficients of y and oe must equal zero, and since this involves 
complex quentities, wo obtain two equations to determine V and / fran the 
condition that both the reals and imaginaries must equal zero. Since ? 
cannot be expressed explicitly, the equations cannot be solved explicitly, 
but Taesner and Fingado in referenoe (3) have provided curves for the s0- 
lution of the equations, 

This solution gives only the conditions at flutter speed and it is 
Gesirable to investigate the conditions which exist at other speeds and 


freauencies, 


Because of the number of parameters which enter into the equi- 
librium equations, it was necessary to assume certain numerical values 
for all of them except the velocity of flight and the frequency of 
vibration. In choosing these numerical values an attempt was made to 
seleet ones which were tyvical of modern Anerican transport airplanes. 
The values celected were as follows: 

1, Blastio axis at 36 per cent of the chord, 4.e. €= 9,10 

2. Center of gravity of wing at 40 per cent of chord, 4i.e., 

E+o 6,15 

3. Radius of gyration of wing =/0,0625c" i.e; 16 = 0.0625 

4, Jending frequency at zero airspeed, neglecting the apparent 
mass of the air 

» 300 eyeles/min = 10x rad/see 
B, Ulastiec radius =70.50 i.e., 4° = 0,80 
» -atio of the mass of wing per unit length to the aznarent mass 
of the air i = 6,00 

7. ‘ing chord = 7,5 ft. 

8. Wing weight = 2.7 los/ft 

Then by hassner Fingade Chart flutter occurs at: 

Po = 57.2 red/sec 
v/o = 73.2 1/see corresponcing to 574 mph. 
VY = 1,28 
Retwning now to the equations of equilibrium (la) & (1b) and 


substituting the wing paramcters, we cbtains 


9. 





A = 
= %,|* 987 + 0.667 iPyv Per.ic7 v2] + $0 | +395-0.667 x Pp 
0 8 





————— Au 





~0.167 1 ¥ ~ 0.39177 2 | 
a ee : a 
(2d) + My250= yp | -98.7 + 0.1917 72| + Go[ + 454-0,0048 22+ 0.0833 17x] 
omy 0 





Notes This notation of Any Ayo, etc, does not agree exactly with the 


notation of Avy Ayo, ete, in Lombard's report. 


DETERMINATION OF TYE NORMAL VODES AT we0 
Setting v = 0 in equations (2) we obtain: 


(3a) +F = yy [+ 987 - 1.167 p2] + $e |+ 396 - o.s917P 2] 


S 


‘ \ 


(3b) + — ~ wal - 98.7 + 0.19172] + Fe E 454 « 0.0040 72] 
Cap 


To determine the natural frequencies of vibration we set the 
determinant of the coeffiaients of ¥ and $0 to zero and obtain the 
frequency equation: 

p* ~ 8030 D ® + 6,030,000 = 0 
the roots of which are: 

VY = 29.0 rad/see 

P = 84.8 rad/see 

Now using equation (3b) and substituting Ve 29,0, we obtain 

0 = %,[- 99.7 + 161] + $e [+ 454 = 4,0] 

0 » -,158 Yu 


This equation is satisfied if the wing oscillates with a nodal point 


6.5 chord lengths ahead of the leading edge. 





10, 
Again using oquation (Sb) and substituting P = 84,8, we obtain 
O = yy, | -08.7 + 1578] + Go | + 454-34.5/ 
be @ ~5.05 th 
This equation indicates a nodal point at 42.2 per cent of the chord 
behind the leading ede. 
If an oscillating force is applied at tho nodal point of one 
normal mode, the resulting vibrations will be in the other nornel mode, 
We will now snift the flexural coordinate of ovr equations from 
Vp to Y,4 422,° Then from the geometry of the set-up, we obtain 
Yn * ¥,422 + 2528 Ge 


wich when substituted in equations (2) results ins 


(40) th. Yaak fi. A, |+ 6c | A,,. - 289A, | 


ee 


(a) + Abas. has. [A] o Pel Ar, -. 329 Ai, ] 


C4 
rurther traasformation will place these eyuations in eae nore 
useful form, ioting thet 
N a i - F x 6,75¢ 
6.00 e200 


and substituting (4a) and (4b) in this, we obtains 


\ 


+ A/-<¢ < a i. of Suge. yo om >> 4 _= ~ 3 ae 
-—— ees Gai: [+Az, ~€.2754, [+00] A, -. 325 Az, C7 5A, +2824, | 
or 


a | oz | a4) te 4S A, [+c] 3294), ie OF386 A>, tf. /4sA,_) 
5 TEC Sf ‘ J 
Likewise 


if son, ” ofa * Fx .172e which when (4a) and (4b) are 
@ webs a 


substituted in, results in 


(5b) t Al x00 = 


C LE 


Gate , fet nz A tf ec |. Mig aye, Na Age eV A. +A, | 


Noting that 


6.92F 400, ——" We. . 
C5 a 6. oem, 


and 6, 92P t,t: & W 4220 , equations (5) then reduce to the following 
™y omy 





when the values of the A's from (2) are introduced, 


B 
; — s,s 
(Ga) LOLS Far. = Gaze [ + (002 +0,66740P uy - 1.195 > | 
111 3 


. 
- a ae Re sage 
tC [_ 6, 2194 Poufe~ 0.177 6 Pe - 0.667P v%: | 


a i 
6.9% Finte , Ge. [ 47h + 0.1474 P Pofe -.00970 2% | 
ae 


(6b) 


_ OO Bez = = 
tpec [4 V7 + .O5474 Vue — 0.03764 PP. - MAT PU. -.065 


Equations (6) are not actually in the normal form at zero velocity, 
because the normal coordinates are Y 4226 and Y.6.50° but since the lat~ 
tor point does not lie on the wing, and since it is desirable to retain $ 
as a coordinate in order to better visualize the motion, the ecuations 
have been placed in this forn, 

The equations of motion are now such that we can obtain the two 
principal modes of osoillation at zero airspeed by setting either - 


4226 


or F 6. Se equel to zero, thus applying the oscillating force at a nodal 


point. The resulting oscillations will be about the opposite nodal point. 


MODE I 
To produce what we shell call liode 1, we apply an oscillating 
force of the form I'cosPt, or in the complex plane of the form Fte”t , 


at the ,422 chord point, and in order to express the amplitude of re- 


012 


sponse in e form which is independent of the magnitude of the applied 
foree, we divide by the static deflection which this applied force 
would produce if the airspeed (v) and the frequency (/) were sero. 


Equations (6) then become 


(fa) 4065 Fisaze fiivt_ Yaze oe + éc[B,. | 








1 
G S - = af wots 
(7) G. - FeSO oO = 4 wz [ Be,] ec Bez | 
F 
(70) Yia227 + _ peo Yaze z B,./L ate 
(F422), (L2a:/n). 
(7a) hc - _ ye, fin<et fC . Bef otet 
ZX (£C ), (Bz Lae 
(Te) PC as Bey 
a D2» 
where /) - a uF = B,, B,. — B.. C., 
Bz, 62 


end ( ), denotes the static deflection. 


lating force at the -6.5 chord point, 


— 


(80) L025 Fszzc 





(80) ee i Ors 
GC a 


where 4 and ( ), have the same signifi 





In equation (8c), the flexural response has been divided by the 
static angular response because the static flexural response of the 
2422c point is zero. 


AUSPONSE OF Tih WING AT VARIOUS VELOCITIES AND 
FRE JULIUCIES 
The above equations enable us to obtain response curves for the 
wing at any velocity. The procedure followed in obtaining the reaponse 


curves in this thesis was first to choose a value of v/o, This was 





14. 


substituted in equations (7) and (8). Values of / from 0 to 120 
in steps of 10 were then assumed and the value P determined fram 
the corresponding Vs v/pe. This enabled us to calculate the 3's 
and hence the deflections. The calculations are, of course, in 


the complex form. The deflections plotted are the maximum defleo- 


tions; thet is, the modulus of y and $. 


~ 
\S 
j 


—_ 


15; 
TORSIONAL DIVERGENCE 


Torsional divergence will occur in the wing when the rate of 
change of moment of the aerodynamio forces with respect to a change 
in the angle of attack exceeds the rate of change of the elastic re- 
storing moment with respect to a change in angle, 

In order to determine the velocity at which this divergence 
occurs, we must determine the velocity at whioh A of our equations of 
motion becomes equal te zero at sero frequency, since this is the fre- 
queney at which divergence occurs, 

Then noting that atv-= 0, 

Vev sccond FP #1, the A of equation (la) and (1b) 


Y6 
becomes 
perp [ee(“-e)-aa8 


mee 


Pate] [-4*fe(y-e)-7} 





from which we obtain 
v, je» aw i |e ny «= at divergence 
Ee 


Substituting our parameters 


v, /o = 10x x .707 / 6. = 86 rad/sec 
2 Pel 


v, = 86 x 7.5 = 646 ft/seo = 440 m.p.h. 


d 


Response curves for this velocity have been plotted, 





RESPONSE Or TG WinG wT Gli DUG. Or FRoEDOL 


ve can obtain an eyuation for the total applied force on the 
wing by addins the foroe at .422c to the force at -6.50. Then by 


using equations (6), we obtain 


an e Fazze ae iB ee 
a vy 
a Cc, Gt 
(9a) — Si a. 








retake . ay é.1 Sie 
pret = T = p mS 6.92 
7) gz 1.0235 Cae. | oes a7 


If we now set ‘Oc equal to zero, we will obtain an equation for 
the motion of a wing with infinite torsional rigidity, Dy setting 
$0 = 0, we imp] ly that we are applying the force so that its moment 
varies in such a manner that the moment equation (Ga) or (6b) is also 
catisfied for dc = 0. 

Equation (9a) is equivalent to equation (4a), but as the B's 
have already been calculated, it is the more oonvenient forn. 

“ow again applying an ost i lading force of the form F' cos Vt 


Pt 


or F'e in the complex plane and dividing the response o:plitude 


by the static response, ve obtain 


(9b ) Froran = Fe’. Gisze laugh i of Cag 


CV? f- 
Z oC 
(90) -u 2 ae 
fiver ~ ‘ogy 





(98) Fan (C,)o «98 
(+), ate ) Ca (¥Ylexure only) 


LT % 


hoturning now to the cquation (6b) and setting Y 44, equal to 
zero, we obtain the equation of motion of the wing with the .422 chord 


point fixed, 


(10a) C.7K Fvg.£c = WM atts - @ [ Bz, | + ge [B.2 | 
rp 


070 fe Cr 


It is also implied that we are applying a force at the ,422 chord 
noint of such variable magnitude that equation (6a) is satisfied for 
the condition y goo = 0. 

Then applying an oscillating moment of the form li'cos Pt, or 
ytei”*® in the canplex plane, anc dividing the response by the static 
resnonse, we obtain: 

(100) c= Mies?” 
ez 


(100) dc (Bea), awe | | 
Fay  — pB 2422 chord point fixed 
(Fe). Bo, 


Response curves for the above two modes of oscillations have 
been plotted. The maplitudes plotted are the maximm values or 


modulus. 


18, 


DISCUSSION OF THE RESPONSE CURVES 


The response curves for one degree of freedom as shown in 
Figures 1 and 2 are typical families of damped oscillations with the 
damming increasing with airspeed. The torsional response curves show 
the effect of the torsional divergence phenomenon near zero frequoncy 
with the response becoming large at 552 m.p.h. which is slightly below 
the divergence speed of the wing with the .422 chord point fixed, At 
speeds above this, the deflection is actually opposite to the avplied 
foree which means that a force must be applied to keop the wing from 
diverging. 

The response curves given in Figures 3 to 11 for liode 1, or the 
mode which at zero airspeed is precominately flexural, indicate that 
natural frequency of flexure which occurs at zero airspeed is danned 
out as the airspeed increases. The damping is even greater in the 
two derrees of freedam than in the one dogree of freedom case discus- 
sed above. It should be remembered in examining these curves that as 
goon as the airspeed is other than zero, the modes are no longer nor- 
mal modes, and we are obtaining some cross responses, The peaks on 
the right of the curves of response of Y 422¢ to a force at the .422 
chord point are of this nature since they arise fram the $c or tor- 
sional response. 

The curves of ‘lode 2 or the torsional mode at zero airspeed, as 
given in I'igures 12 to 19, indicate that the torsional oscillations are 
increasingly damped with increading airspeed and that the frequency of 


maximum response movos to the left or decreases, lowever, as the” 






flutter speed is approached, the danping becomes less and the amplitude 
builds up. The curves for 440 m.p.h. indicate torsional divergence oc- 
curing at sero froquency. 

As steted in the introduction, one of the purposes of this inves- 
tigation was to determine the possibility of predicting the speed at which 
flutter would oocur by plotting the natural torsional and flexural 
frequencies at various airspeeds as determined by flight tests. If the 
frequency at which the maximen response occurs at any given airspeed is 
called the natural frequency and these frequencies plotted against air- 
epeed, the ourves will be those which would be obtained by flight tests 
and are showm in Figure 21, It can be seen at once that flutter does 
not oceur where the torsion and flexural curves intersect, but that the 
flexural mode has been danped out, as was pointed out before, and that 
flutter occurs at a point on the torsional curve without warning other 
than a building up of the amplitude of response. This method of attempt- 


ing to predict flutter appears to be impractical, 
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FIGURE 7 
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FIGURE 8 
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FIGURE 15 
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FIGURE 17 
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In order to obtain some idea of the {mportanece of the various 
parameters anc to investigate the effeets which changes in these para- 
meters will have on the torsional flexural flutter speed and the tor- 
sional divergence speed, one parameter at a slate bbe veen varied while 
holding the remaining wing parameters at the values chosen for the re- 
sponse investigation. y use of the Kassner and Fingado chart of 
reference (3) for flutter speed and the previously derived equation for 
torsional divergence speed, ourves have been plotted showing their 
variation and are given in Figures 22 to 29, The circled points in- 
dicate the basio wing. 

The torsional divergence being non-dynamic in nature is rather 
easy to visualize. Obviously the bending frequency and inertia axis 
have nothing to do with torsional divergence hence the torsional di- 
vergence speed remains constant as they are varied. Increasing the 
wing weight while holding the torsional frequency constant or increas-~ 
ing the torsional frequency while holding i and Ma i,e, the moment of 
inertia, constent means that the torsional stiffness and hence the 
divergence speed is increasing. ‘UJoving the elastic axis back on the 
ving in effect gives the aerodynamio forces, which oan be considered 
as acting at the quarter chord, a longer moment arm and hence deoreased 
the divergence spoed. Of course, the elastic axis at the quarter chord 
point would result in an infinite divergence speed. in increase in 
altitude decreasod the aerodynamic forces on the wing at a given speed 


and thus increases the divergence speed, 
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The reasons behind the changes in the flutter speede are very 
complex and an explanation will net be attempted. Uowever, the follow- 
ing pertinent points should be noteds 

1. The flexural frequeney or stiffness is apparently of minor 
importance, 

2. The flutter speed increases with increased torsional frequency 
in nearly a linear relation. 

3. loving the clastic axis to the rear increases tho flutter speed, 

4, The vosition of the inertie axis has oa marked effect on the 
flutter speed, a forward position being favorable. 

5, Trom the curve showing the effect of changes in the radius of 
ryretion of wing, it should be noted that even at zero 
radius which corresponds to a high torsional frequeney the 
flutter speed is ctill quite nominal. From this we can 
conclude that the major effect of increased torsional fre- 
queney comes from an inerease in torsional stiffmess, 

6, Changes in wing weight have a peculiar effect. Since the fre- 
quencies have been held constant part of the effect can be 
attributed to the fact that the stiffnesses must change as 
the weight is varied, 

7. The flutter speed inereases with altitude, 

8, It should be remembered that a definite wing has been considered 
and that only one parameter has been varied at a time. If 
another wing were considered, or if two or more parameters 


were varied at one time the changes in flutter speed and 
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even their character might well be different. It will 
be noted that the effect of moving the olastic and inertia 
axes simultaneously is not the sum of the effects of moving 


them individually. 
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Von harman, Th. and Sears, \/,R, 


AIRPOIL THEORY FOR WON—UNIFOM MOTION 


Lombard, A, 
AN INVESTIGATION OF THE CONDITIONS FOR THE OCCUREICL 
OF FLUTTER IN ATRCRAPT AND THE DEVELOPIIT OF CRITURIA 


FOR THE PREDICTION AND ELIMINATION OF SUCH FLUTTER 


Eassner, Kk, and Fingado, H. 


DAS EBENE PROBLEM DER FLUGELSCINTINGUNG 
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